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^ ' We present simulations of intcrfcromctric Sunyaev-Zel'dovich effect (SZE) and opti- 

cal weak lenisng observations for the forthcoming AMiBA experiment, aiming at search- 
ing for high-redshift clusters of galaxies. On the basis of simulated sky maps, we have 
. , - derived theoretical halo number counts and redshift distributions of selected halo sam- 

' pies for an AMiBA SZE survey and a weak lensing follow-up survey. By utilizing the 

\—{ conditional number counts of weak lensing halos with the faint SZE detection, we show 

that a combined SZE and weak lensing survey can gain an additional fainter halo sample 
at a given false positive rate, which cannot be obtained from cither survey alone. 
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1. Introduction 

The thermal Sunyaev-Zel'dovich effect is a spectral distortion of the Cosmic 

Microwave Background (CMB) radiation due to the inverse-Compton scattering of 
CMB photons by high energy electrons in the intracluster medium (ICM). The most 
remarkable properties of the SZE is that its surface brightness is redshift indepen- 
dent, which make it as an ideal probe of the high-redshift universe. Further, since the 
SZE is proportional to the thermal energy content of the ICM, SZE imaging surveys 
allow us to select clusters over a wide range of the redshift with physically meaning- 
ful selection criteria. Weak gravitational lensing, on the other hand, probes the total 
mass projected along the line-of-sight, and hence provides complementary informa- 
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tion on the mass of galaxy clusters.'^l Array for Microwave Background Anisotropy 
(AMiBiP) is a 19-elenient interferometric array with full polarization capabilities 
operating at 95GHz, specifically designed for the CMB observations. One of the 
main scientific goals of AMiBA is to conduct blind SZE surveys to search for high- 
redshift clusters. AMiBA will also conduct follow-up optical imaging observations 
with wide- field camera, MegaCam, at Canada France Hawaii Telescope (CFHT). In 
this paper, we simulate the forthcoming AMiBA SZE experiment combined with the 
planned follow-up weak lensing observations to examine the expected cluster num- 
ber counts for individual surveys, and explore the potential of a combined AMiBA 
SZE and weak lensing cluser survey. 



2. Simulation Data and Mock Observations 

To make sky maps with realistic SZE and weak lensing signals, we use results from 
preheating cosmological simulations of a ACDM model {ilm = 0.34, JIa = 0.66, fi;, = 
0.044, /i = 0.7,(78 — 0.94) in a 100/i^^Mpc co-moving box which reproduce the 
observed cluster Mx-Tx and Lx-Tx relations at z = o!^We construct 36 SZE sky 
maps each with Ideg^ on a 1024^ grid, by projecting the electron pressure through 
the randomly displaced and oriented simulation boxes, separated by lOO/i^^ Mpc, 
along a viewing cone out to the redshift of z = 2. Similarly, weak lensing convergence 
(k) maps are constructed by projecting the distance- weighted mass over-density Sp 
out to a source plane at z = Zg. 

As an AMiBA specification, we adopt a close-packed hexagonal configura- 
tion of 19 X 1.2m dishes on a single platform. This array configuration yields 
a synthesized beam of FWHM ~ 2' (0.6/i"^Mpc at z = 0.8), which is op- 
timized to detect high-redshift clusters. The field-of-view of the primary beam 
is about 10'. To generate the mock AMiBA visibility data, we perform a mo- 
saic survey of 9 x 9 pointings with each exposure of toxp = 1-5 hours cover- 
ing Ideg^ with spacing of 4f5. The AMiBA sensitivity is then given as crfoigo = 
0.78(c„ios/0.83)(r?/0.6)-i(T;ys/70K)(npoi/2)-i/2(B/20GHz)-i/2(te,p/1.5hours)-i/2 
mjy/beam, where Cmos depends on the mosaicking strategy. The non- linear max- 
imum entropy method is applied to reconstruct an AMiBA SZE map from the 
mock visibility data. For a weak lensing survey, we assume moderately deep op- 
tical observations with a mean source number density of n = 30arcmin^^ and 
Zs = I. We take into account noise in observable image ellipticities due to the 
random-phase intrinsic source ellipticities. We choose the intrinsic dispersion of 
Cint = 0.4. We then apply a pixelization on the mock weak lensing data us- 
ing a Gaussian filter with FWHM — 2', and perform a linear mass inversion 
to reconstruct the K-map. The sensitivity in reconstructed K-maps is given as 
<oise = 1-75 X 10-2(crint/0.4)(n/30arcmin-2)-i/2(FWHM/2')-i. We carry out the 
statistical analysis on reconstructed sky maps by using the inner 41' x 41'arcmin^ 
subfield in order to avoid the noisier boundaries. Thus the effective survey area used 
for our statistical analysis is 36 x 0.47deg^ ~ 17deg^. 
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3. Results 

Figure 1 shows the theoretical halo number counts N{> v) and false positive rate 
as a function of peak threshold v{= S/cr^^^^^, '^/^''noisc) obtained from mock AMiBA 
SZE and weak lensing surveys. To quantify the spurious peak detections due to 
experimental noise, we followed the prescription given by Ref. The limiting halo 
masses Miim(z) for both surveys are shown in Figure 2. For both surveys, halo 
samples are defined at a false positive rate of 10%, and the redshift distributions 
of the halo samples are derived (see Figure 2). Further, we utilize the conditional 
number counts of weak lensing halos with faint SZE detection, N{k > Kiim\S > 
•Slim), to explore the potential of a combined AMiBA SZE and weak lensing survey. 
Here we choose the SZE peak threshold of S'lim = 2.50-^^)3^, = 2mJy/beam (see 
Figure 1). Table 1 summarizes the main properties of halos samples obtained from 
mock AMiBA SZE and weak lensing observations. 

4. Conclusions 

We have examined the expected cluster number counts and redshift distributions 
of cluster samples for the forthcoming AMiBA SZE/ weak lensing cluster survey 
on the basis of ACDM cosmological simulations. By utilizing the conditional halo 
number counts N{k > Kuml'S' > ^lim), we have demonstrated that a combined SZE 
and weak lensing survey can gain an additional fainter halo sample at a given false 
positive rate, which cannot be obtained from either survey alone. 
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Fig. 1. Left: Cumulative distribution functions A'^(> u) of halo number counts in mock 
AMiBA (solid) and weak lensing (dashed) observations as a function of peak threshold u{= 
S/(T^^j^g, «/<T^^j^g) derived from 36 simulated sky maps (17deg^). The long-dashed curve rep- 
resents the conditional number counts of weak lensing halos with faint SZE detection of S > 
2.5<T^^;gg = 2mjy/beam. The shaded regions indicate false positive detections due to noise. Right: 
fra<;tion of false detections as a function of peak threshold. 
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Fig. 2. Top: the limiting mass of halos as a function of rcdshift z for (a) AMiBA SZE and 

(c) weak Icnsing surveys (see Section 2). Miiy^(z) is calculated for three different peak thresholds. 
The solid curves correspond to a false positive rate of 10%. Bottom: redshift distributions of halo 
samples selected from mock 17deg^ (b) AMiBA SZE and (d) weak lensing surveys. 
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Table 1. Halo samples selected from mock AMiBA SZE and weaJc lensing surveys 



Halo sample 


limiting peak-flux S 


limiting peak /t-value 


N (deg-2) 




V = SlaS . 

1 noise 


1 noise 




AMiBA SZE 


V > 4.2 




4.2 


weak lensing 




V > 4.5 


5.2 


combined AMiBA/lensing 


1/ > 2.5 


1/ > 3.5 


4.9 


faint 


2.5 < 1/ < 4.2 


3.5 <u< 4.5 


1.4 



